Introduction
It has long been recognized that a nonuniform reaction distribution on an electrode can lead to difficulties in the interpretation of data [1] .
Tiedemann et al. quantified this observation for the case of linear kinetic measurements on a disk electrode [2] . West and Newman [3] gave results for the more complicated case of Tafel kinetics on a disk electrode.
Measurements are also taken in the channel geometry. This geometry is useful because it has well-characterized (but nonuniform) masstransfer rates. It may also be useful because of ease of construction.
The channel geometry has already been studied extensively; see especially, papers by Wagner [4] and by Parrish and Newman [5] . The key assumption of the analysis in this paper is that concentration variations can be neglected, which implies that i « i l . , where i l . is This geometry also approximates popular cell configurations used to study solid electrolytes. This analysis would be particularly applicable to these systems since, if the electrolyte contains only one charge carrier, concentration variations do not exist. It will also become evident that this analysis is especially relevant to solid electrolytes since their conductivities are often low (compared to aqueous solutions) and, hence, ohmic resistances are high.
The analysis of the channel geometry is more complicated than the analysis of the disk-electrode geometry because two characteristic lengths, shown in figure 1 , are important.
The ratios, h/L, of 1. 0, 0.5, and 0.0 are investigated.
Small values of h/L are chosen because small ratios tend to make current distributions more uniform and tend to reduce the ohmic drop of the cell.
It is assumed that the average surface overpotential is determined by the interruption of current. Additionally, the working electrode is assumed to be an anode, although the results can also be applied to the investigation of cathodic reactions. The counterelectrode is assumed to have the same kinetics as the working electrode, and the restrictiveness of this assumption is shown.
The emphasis of the results is on the placement of the reference electrode adjacent to the edge of the working electrode pr very far from the electrode.
To determine what can be considered very far from the working electrode, it is instructive to look at the primary potential distribution along the insulator, which is shown in figure 2 . Within the resolution of the graph, the distribution for all three ratios of h/L is identical.
Analysis
The distribution of potential and current, in the absence of con- 
working electrode reference electrodes Figure 1 . Cell geometry, showing the two characteristic lengths, the coordinate system, and possible reference electrode placements.
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. . In addition to the ratio of the characteristic lengths, it is necessary to specify the ratio of the ohmic to kinetic resistances to characterize completely how the data should be interpreted. Following
Newman [6] , the additional parameter for linear kinetics is J -
and for Tafel kinetics,
A nonuniform potential distribution on the electrode complicates the interpretation of data taken with the aid of a current interrupter
method. An apparent surface overpotential determined by this method is given by [7] ~s,app
where ~(x,y) is the potential of the reference electrode,t and
is the change in potential after the interruption of current and corresponds to the potential drop for a primary distribution with the same average current density.
Linear Kinetics Results
The rate of a reaction occurring in the linear kinetics regime is given by tThe reference electrode is assumed to be the same kind as the working electrode, but passes no current, and is in equilibrium with the solution.
Assuming that a +a is known, one can deter- 
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Combining equations (4) and (5) gives
For a reference electrode adjacent to the edge of the electrode, equation (6) reduces to
Results obtained from equation (6) 
.. Reaction rates described by Tafel kinetics are given by i
Since local current densities and local surface overpotentials are not measurable, apparent kinetic parameters must be defined and should be related to measured quantities:
As West and Newman (3) (11) For the case of a reference electrode adjacent to the edge of the working electrode, equation (11) reduces to equation (7 
• ... 
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10 20 Figure 5 . Correction factor for the exchange current density for Tafel kinetics, two reference electrode placements, and two ratios of h/L. where the right side of equation (13) Smyrl and Newman [8] show that this result holds for any reference elec- Figure 9 . Correction factor to the exchange current density for a reference electrode placed adjacent to the working electrode for h/L = 0.5 and slow kinetics, identical kinetics, and fast kinetics on the counterelectrode.
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working electrode.
A final observation worth noting is that uncertainty in the exact placement of the reference electrode will cause greater uncertainties in the interpretation of data for reference electrode placements closer to the working electrode. This is most obviously seen in figure 8 and can be explained completely by figure 2, which shows that the largest changes in potential occur near the working electrode.
Appendix
Boundary integral methods are useful for solving Laplace's equation [4) , [10) . These techniques are discussed elsewhere [10) , [11) and will not be elaborated on. To facilitate the use of the numerical procedure, the channel geometry was mapped conformally into the geometries shown in figure 10 . Ne\YJllan [12), [13) followed a similar procedure, except that he mapped the two electrodes so that they were coplanar (which is an intermediate Schwarz-Christoffel transformation used in the conformal mapping given here).
To solve for the current and potential distributions in the transformed geometry, the boundary conditions along the electrodes are
where f(cf.l ) is given by the right side of equation (4) 
For h/L = 0, the boundary condition along the electrode is given by and g (t ) is given by 
t -sin-lexp(7r~') .
z' is related to the original coordinate system by a shift in the origin.
The advantage of using conformal mapping prior to the boundary integral technique is that the mapping tends to provide automatically a mesh spacing appropriate .for a given geometry. It can also reduce the time necessary for programming a new problem because many geometries can be mapped into one.
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